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ABSTRACT
The purpose of this study is to determine the contributions of
active sediment selection by recruits and post-settlement
environmental interactions to the development of macrobenthic
communities in muddy and sandy substrates.
One experiment entailed exposure of the two different azoic
substrates for short durations allowing opportunity for recruits to
select settlement sites.
The second experiment was a longer term
exposure of the same substrate types to examine colonization sequences
following initial recruitment.
Samples of the natural muddy seafloor
community were taken at the study site to compare with the communities
developing in the colonization array.
Rapid deposition of resuspended sediment over the substrates
exposed for settlement is suspected of eliminating the occurrence of
active sediment selection by the species that did recruit.
Statistical results support the conclusion that recruitment of the two
sediments was similar.
Substrates exposed for colonization were subject to physical
disturbance by nesting oyster toadfish (Opsanus tau) , possibly of a
frequent and intense nature.
This disturbance may have kept the
communities successionally "young" and similar in both sediments.
The results suggest that the natural seafloor community, though ,
comprised in part of eurytopic species, does not represent the most
opportunistic component of the York estuary benthos.
Comparison of this study
bottom current conditions may
colonization, favoring higher
disturbance may later inhibit

with a similar study indicates that
heavily influence initial rates of
energy systems, but such physical
further community development.

MACROBENTHIC COLONIZATION OF MUDDY AND SANDY SUBSTRATES
IN THE YORK RIVER, VIRGINIA

INTRODUCTION
Ecology,

succinctly defined,

is "the biological science of

environmental interrelations11 (Odum 1957).

Bioceonology is the study

of such interrelations at the third of the four major structural
levels of ecology:

individual, population, community and ecosystem.

Central to the study of communities, are investigations into the
mechanisms and processes of community development or, as they are
sometimes called,

succession.

The majority of studies of community

development have been conducted on terrestrial plant communities and
island colonization processes.

In marine ecology,

studies of community development have become

prevalent only in the last two decades.
by Connell

Much of this work, reviewed

(1972), has concentrated on examination of hard substrate

communities.

Examinations of succession in macrobenthic infaunal

communities have been less frequent.

The majority of these studies

have examined the colonization sequence of the benthic community
following either man-induced alterations (Dean and Haskin 1964; Duncan
1974; Grassle and Grassle 1974; McCall 1975, 1977; Reish 1961;
Rosenberg 1972, 1973, 1976; Pearson and Rosenberg 1978) or natural
perturbations (Boesch, Diaz and Virnstein 1976; Dauer and Simon 1976).
Compared to studies in terrestrial plant ecology and hard substrate
ecology,

experimental manipulation of the infaunal community is much
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more difficult and therefore infaunal macrobenthic succession is
harder to examine experimentally.

In the former two habitats,

manipulations of species or species groups are relatively easy because
of the visibility of the individuals.

Such manipulations can enable

the ecologist to determine each groups' role in the developing
community by comparing treatments with altered densities to control
treatments (Dayton 1971).

A major difference between terrestrial plant studies and marine
polonization studies of defaunated areas is the mobility of recruits.
In terrestrial plant ecology most recruits to defaunated areas arrive
in seed form.

When the seeds land in the soil and germinate,

the

seedlings must cope with the environmental conditions present or
perish.

Most of the recruits arriving in a defaunated marine habitat

are planktonic larvae (other propagules such as adults, juveniles or
egg cases are possible).

Unlike seeds, the ability of planktonic

larvae to actively choose a site of settlement has been demonstrated
for such hard substrate dwelling species as the barnacles Balanus
balanoides (Knight-Jones 1953) and Elminius modestus (Knight-Jones and
Stephenson 1950), and the infaunal polychaetes Notomastus sp.
1937) and Ophelia bicornis
However,

(Wilson

(Wilson 1952, 1953a, 1953b, 1954).

all of the substrate choice experiments were conducted under

laboratory conditions and actual selection of substrate by infauna in
nature has not been tested.

Further, Thorson (1966) states that

larvae of most species set in a much broader variety of habitats than
those in which they can survive.

Nonetheless,

these studies indicate

4

that in the marine environment, unlike terrestrial plant habitats,
there are two levels by which community development may be controlled,
the first level of recruitment is via active substrate selection and
the second is environmental interactions following recruitment where
the organism must successfully survive in the environment.

The presence of distinctly different infaunal communities in
different

substrate types is not unexpected by benthic ecologists,

indeed it is often predictable,

and within substrates community

composition is often temporally consistent.

Defaunation of substrate

leads to' a successional sequence and often convergence towards the
original community (Duncan 1974; Dauer and Simon 1976, McCall 1975,
1977).

The mechanisms by which communities are maintaned or

successions converge are imprecisely known (see Thorson 1966; Fenchel
1977):

(1) Do communities remain compositionally stable because the

only recruits that settle (or arrive via currents,

swimming or

crawling) are individuals of those species already present (resulting
from a strict substrate preference)? or (2) perhaps for some
physically related reason (depth, currents,
recruits available

light intensity) the only

from the plankton are larvae of species of the

indigenous community, or (3) do recruits arrive like seeds and only
those species that have adapted for suvival in the habitat persist?

Muus (1973) monitored recruitment and community composition of
bivalves at two sites,

1 km apart,

medium sand (1% silt) 18 m depth,
silt-clay) 27 m depth.

in the O r e s u n d , one of fine to
the other of fine sand (5%

She found somewhat different communities at
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the two sites and apparently different settling densities.

However,

it is difficult to determine if recruits were actually available in
similar densities,
(18 m ) .

Further,

as plankton samples were taken at only one station
the fortnightly sampling program may not have been

frequent enough to separate differential mortality following
settlement from settling preference, as ample time may have passed for
equally dense sets to occur followed by greater mortality in one
habitat.

Richter and Sarnthein (1977) followed molluscan colonization of'
three different azoic terrigenous sediments (clay,

fine sand and

gravel) in Kiel Bay, each replicated at three depths.

In this study

the assumption that availability of recruits was identical for all
substrates,
tests.

can be accepted because of the close proximity of the

They too found somewhat different communities in the different

substrates.

However,

it is impossible to say whether active larval

sediment selection or post-settling environmental interaction was the
most

important

factor in community development as sediment preference

of settling larvae was not experimentally determined.

In light of the past studies it is still not clear whether
communities are formed and maintained primarily through active
substrate selection by recruits or via post-settling differential
mortality among recruits mediated by environmental interactions.
order to separate these components the present study proposed to
investigate the following:

In
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(1) Whether under field conditions recruits arrive in different
densities in two different exposed azoic substrates (mud and
sand) because of active substrate selection or whether
recruitment is random;

(2) For species that arrive randomly in both substrates, whether
mortality (or growth) is different between substrates because
of differential environmental factors or random chance.

Active substrate selection was field tested through short
duration exposure of the azpic muddy and sandy substrates at the same
study site.

Simultaneous exposure at the same site should have

insured equality of potential recruits.

It was assumed that short

exposure would eliminate any bias from differential mortality after
settlement.

It was predicted that because species typified as opportunists
(Grassle and Grassle 1974) tend to be eurytopic they show no
settlement preference between the muddy and sandy substrates;
whereas, more slowly colonizing stenotopic species show a stronger
sediment preference since arrival in a suitable substrate is more
highly adaptive.

If the latter part of the above prediction proved to

be false it was predicted that stenotopic species show different
densities or growth (expressed as biomass) between substrates as a
result of post-recruitment environmental interactions.

In general it was expected that the colonization sequence will
proceed as outlined in McCall

(1975)

(Figure 1).

Initially there

ABUNDANCE

F I R S T WAVE
DOMINANTS

S ECOND WAVE
DOMINANTS

S TABLE P O I N T
DOMINANTS

TIME

Figure 1. Model of colonization pattern of azoic substate
(after McCall 1975).
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would be a rapid increase in density of opportunists (> 10,000 nf^)^
here termed first wave dominants (Group I, McCall 1975),

followed by a

precipitous decline of these species as a consequence of high
mortality not matched by recruitment.

During this decline, a second

group of species would begin domination,

increasing at a somewhat

slower rate, peakipg and then slowly declining.
second wave dominants,

These species,

the

should have life history strategies

intermediate to those of opportunists and members of the third group
of colonizers.

This third group of colonists has been described by

McCall (1975) as species with K-strategy life history characteristics
of longevity,

slow growth and low fecundity.

This group of colonists

may arrive early during colonization, recruiting in low numbers,
becoming dominant only after first and second wave dominants have
declined.

This last group called Group III of McCall (1975) is here

termed the stable point dominants.

The stable point of this community

is interpreted as that community which persists at least on a time
scale of months (Sutherland 1974) as opposed to the precedent
communities which persist only weeks.

It was expected that the first wave dominants would be comprised
of species such as the polychaetes Polydora ligni, Streblospio
b e n e d i cti, as well as possibly other species previously labeled as
opportunistic (Grassle and Grassle 1974; McCall 1975, 1977; Dauer and
Simon 1976).

Stable point dominants were expected to be species

typical of the sandy and muddy substrates used in the experiments.

9

The communities
previously discussed

of similar muddy and sandy

sediments have been

intwo studies.

(1977) found the sand

Virnstein

community to be numerically dominated by the oligochaete Tubificoides
(~Peloscolex) gabriellae, the polychaetes Spiochaetopterus oculatus,
Heteromastus filiformis, Streblospio benedicti, Glycinde solitaria and
the phoronid Phoronis psammophila (=architecta) .

Boesch, Wass and

Virnstein (1976) found that since 1972 the muddy substrate community
has been numerically dominated by the polychaetes Paraprionospio
pinnata, Pseudeurythoe sp., Heteromastus filiformis and more recently,
the bivalve Macoma balthica (Boesch, personal comm.).

Examination of

the species lists reveals that the two habitats have a number of
eurytopic species in common, but most of the dominants are different.
It was expected that

the stable point dominants

of the experimental

mud substrates would

be similar to those dominants found by Boesch,

Wass and Virnstein (1976) while those of the sandy substrate would be
more similar to those found by Virnstein (1977).

Beyond these broad community changes, however, it was predicted
that there would be some very obvious differences between muddy and
sandy substrates.

At the outset of colonization when the first wave

dominants settle it was expected that the two sediments contain very
similar communities because of eurytopy exhibited by the opportunists.
When the second wave dominants arrive it was expected that there would
be a compositional divergence between the two communities, which would
widen even further with the arrival of the stenotopic stable point
dominants.

Thus, as a result of active sediment selection and
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animal-substrate

interactions two separate communities would succeed

from the same initially colonizing communities.

There are several mechanisms by which sediment properties could
contribute to the predicted divergence.
modes,

First,

consider three feedirig

filtering, surface-deposit feeding and subsurface-deposit

feeding.

Species that feed by the first two of these modes may be

little affected by substrate because the food source is not closely
tied to the sediment type, while the latter might be most affected.
subsurface deposit

A

feeder may find one sediment type difficult to

process, or the sediments may have vastly different food values.
addition to feeding modes,

In

living modes may also be more difficult in

one sediment as opposed to the other.

For example, a tube dweller may

be unable to maintain a tube in one of the sediment types.

A

polychaete such as Cistena gouldii, which builds a sand grain tube
might

find the muddy substrate limiting in this respect.

A motile

subsurface burrower may have to expend different amounts of energy in
moving through the two different sediments.

Another interaction

suggested by Thayer (1975), particularly applicable to molluscs,

is

,

the need to maintain buoyancy in mud to keep from sinking beyond the ;
reach of the surface.

These interactions,

either alone or coupled with other known or

unknown factors, could have a profound effect on which species survive
and/or establish in the two substrates.

Further, these interactions

may manifest themselves either in terms of abundance, biomass or
growth rates.

METHODS AND MATERIALS

Experimental Design

The study site was located in the lower York River estuary
(Figure 2) off Gloucester Point, Virginia in approximately 7 m of
water.

The York River is a relatively homiohaline tidally influenced

estuary with a salinity range in the vicinity of the study site of
15-24%

(Haas 1977).

Sediments at the study site are comprised of

somewhat sandy silty-clay (10-20% fine sand).

Sediment
locations.

for the experiment was collected from two separate

Mud was collected from the study site using a

Smith-Maclntyre grab,
flat.

sand was collected by shovel from a nearby tidal

The sediments were placed into 32.5 cm x 29.0 cm x 13.5 cm

containers,

frozen solid, then covered with tap water and black

plastic film to prevent drying.
for a period of 1 1/2 weeks.

They were then allowed to set outside

This process killed all macrofauna

presept in the substrates.

Eight sediment containers,

four of each substrate type, were

filled to the brim with extra sediment thereby eliminating depressions
into which re^uspended natural bottom sediment could accumulate.
Containers were arranged randomly in an array designed to cover the
containers on retrieval

(Figure 3).

The eight containers were labeled
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Figure 2. Map of lower York River.
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Figure 3. Sketch of self-closing array used to deploy and retrieve
sediment pans.
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C-Sl through C-S4 and C-Ml and C-M4 to indicate the colonization
experiment (C), substrate (M,S) and the replicate (1-4).

The array modeled after similar arrays used by R. W. Virnstein,
Harbor Branch Marine Laboratory, was constructed of 1/8 inch aluminum
sheeting for the cover and supporting platform.

The legs and center

post are made of aluminum tubing 1 3/4 inch OD with 1/8 inch walls.
Foot pads were of aluminum with additional steel discs added for
weight.

Corrosive protection included painting with marine

non-antifouling paint and attachment of zinc anodes to both the tray
and cover.

Holes were drilled in the cover and tray to prevent

entrapment of air and allow for drainage of water during deployment
and retrieval.
101 cm.

Overall dimensions of the array are 97 cm x 112 cm x

Operation is as follows:

slowly hauling the array up by a

buoyed cable pulls the platform up to the cover guided by the
centerpost and guides around each leg.

Once the tray and cover meet,

the entire array is lifted to the surface.

Frequent sampling was planned during the early stages to monitor
the rapid community changes expected (McCall 1975; Duncan 1974).
Experiments were deployed on 27 April

1979 in a period of intense

spring recruitment and samples recovered 10, 15, 34, 73 and 144 days
later.

The sampling at day 73 was accomplished by a diver.

After the array was retrieved from the seafloor, each container
was then sampled using a 5.1 cm (inside diameter) c o r e r .

It is

estimated that this sample size could effectively sample species
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occurring in densities of approximately 100 m

.

Before the core tube

was removed from the sediment,

a collar (a 13.5 cm

pipe) was placed over the tube

and pushed into

once the corer with core was removed,

section of PVC

the substrate.

Thus,

the surrounding substrate would

not slump into the void, thereby minimizing disturbance to the rest of
the community (particularly to sedentary species).

Replacement

sediment was not added to the void left inside the collar.

Cores were

extruded into jars, preserved using 10% buffered formalin and stored
until processing.
sieves,

Samples were washed on 0.5 m m and 0.25 mm nested

the two fractions were sorted and the macrofauna identified to

species whenever possible.

Sorted samples were stored in 70% ethanol'.

Wet weight biomass for selected species was determined by
replicate and date.

Due to the small

size of many individuals,

animals were carefully blotted

dry and weighed on asmall piece of

previously tared aluminum foil

approximately 4 c m ^ .

determined on an analytical balance.
figures, values

Mass was

From these total biomass

for average individual biomass were determined.

Extreme small size of individuals at day 10 sampling precluded the
above determinations.

Settlement of recruits was studied using two smaller, less
elaborate versions of the closing array made from aluminum tubing,
steel

sheeting and galvanized buckets.

8.5 cm x 8.5 cm containers,

In each array were placed four

two each of defaunated mud or sand.

At

the study site these were lowered to the bottom, marked with buoys and
retrieved after one or two days.

After retrieval,

the samples were
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elutriated over a 0.25 mm sieve using seawater which had previously
been filtered through a similar mesh sieve.
5% buffered formalin pending processing.
samples were obtained,

Samples were preserved in

Three sets of recruitment

they were referred to as set 1, set 2 and set

3, taken on 11, 12 and 14 May, respectively.

In order to compare the natural macrobenthic community with the
colonization community samples of study site substrate were taken with
a 0.1 m^ Smith-Maclntyre grab at the beginning and end of the study.
These samples were washed on a 0.5 m m sieve and preserved in 10%
buffered formalin until sorting and identification.

These results

were compared to the fraction of the colonization samples that were
retained on a 0.5 mm sieve using reciprocal averaging ordination (Hill
1973).

Non-quantitative samples were also taken from the tidal flat to
compare its species composition with the community expected in the
sand substrate colonization.

Samples were processed similarly.

Sediment Analysis

Samples

for sediment and organic carbon analysis were taken from

each of the eight sediment pans before deployment to ascertain
homogeniety within sediment types.

Samples for sediment analysis were

taken from the grab samples tp a depth of about 8 cm.

Sand,

silt and

clay composition percentages were determined by sieve and pipette
analysis using methods outlined in Folk (1961).
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Organic carbon samples were processed by first drying and
homogenizing each individual sediment sample.

A portion of the

homogenate was then treated with 10% HC1 for 24 hours, redried and
pulverized with a mortar and pestle.
two replicates of known weight
placed in crucibles.

From each of the two portions

(approximately 100 mg) were taken and

Each replicate was then mixed with copper and

iron chips to accelerate combusion and placed into a drying oven.
After drying,

samples were analyzed for carbon content by combustion

with a LECO carbon analyzer.

Both total carbon and organic carbon

were determined through this process.

Statistical Treatments

1....... ..... I■

Diversity ( H 1), species richness (SR) and evenness (J) were
computed for the colonization samples,
tidal

flat samples.

study site grab samples and

The following formulae were used:

H' =-2Pi log2Pi

where P£ is the percent of total individuals (S) of the sample
of the ith species,

SR =

S - 1
log2N

where N is the total number of species and
H'
J = TT?

H max

where
^ max “ log2S
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Results of the recruitment experiment were analyzed using an
independent t test (a=0.05).

Colonization samples between substrates

were compared using the Wilcoxon sign rank test (Hollander and Wolfe
1973)

(a=0.10).

because it was

The less restrictive a level of

0.10 was used

suspected great variation would be present in these

samples, especially resulting from observed physical disturbances.

Reciprocal averaging ordination (Hill 1973) was applied to the
colonization and study site samples to assist in the interpretation of
colonization community changes and their relation to the natural study
site community.

Square root transformation was performed before

ordination to decrease the range of variability.

RESULTS

Sediment Organic Carbon and Texture

Total organic carbon levels (Table 1) in the mud sediment used in
the experiment were more than an order of magnitude greater than those
in the sand sediment.

For two of the sand samples,

the amount of

organic carbon was determined to be greater than that of the total
carbon.

This discrepancy is not uncommon for sand sediments with low

total carbon concentrations (G. Chianakas,

personal comm.).

Sieve and pipete analyses show that the sand sediments were
comprised of greater than 96% fine to medium sand and the mud samples
were constituted of approximately 50% clay, 30% silt and 20% mostly
fine sand.

The natural sediments at the study site are similar to the

mud used in the experiment.

Study Site Macrofaunal Community

The 0.1 m^ grab samples at the study site in April and September
yielded 15 and 17 species respectively, with a total species number of
24 (Table 2).

The community was numerically dominated by the

polychaetes Paraprionospio pinnata, Pseudeurythoe sp., Sigambra
tentaculata and the bivalve Macoma balt h i c a .

The most notable changes

in the community during the course of the experiment were increases in
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Table 1. Results of sediment grain size and organic carbon analyses
at the start of the colonization experiment.

% SILT

% CLAY

SAMPLE

% ORGANIC C

% TOTAL C

% SAND

C-Sl

0.09

0.07

96.7

0.8

2.5

C-S2

0.10

0.09

96.9

0.6

2.5

C-S3

0.09

0.12

96.5

0.6

2.9

C-S4

0.05

0.16

96.6

0.7

2.7

C-Ml

1.41

1.61

11.1

32.2

56.7

C-M2

1.60

1.74

17.2

31.9

50.9

C-M3

1.27

2.26

27.2

28.0

44.8

C-M4

1.74

1.98

13.7

31.7

54.5

17.2

33.3

49.5

Study Site

—

—
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Table 2.

List of species found at study site (0.5 m m sieve).
Density m ”2
APRIL 1979

POLYCHAETA
1 t Paraprionospio pinnata
2. Sigambra tentaculata
3. Pseudeurythoe sp.
4. Heteromastus filiformis
5. Gyptis vittata
6. Nereis succinea
7. Glycinde solitaria
8. Ancistrosyllis jonesi
9. Scoloplos sp.
10? Streblospio benedicti
11. Parahesione luteola
12. Eteone heteropoda
13. Cistena gouldii
14. Glycera dibranchiata
15. Polydora ligni

325
70

100
75
50
55

SEPT 1979

690
140
50
35
35
15
25

20
20
15

10
10
5

OLIGOCHAETA
16. Tubificoides gabriellae

12

MOLLUSCA
17'. Macoma balthica
18. Acteocina canaliculata
19. Bivalve juvenile

160

35
5

5

CRUSTACEA
20. Ogyrides limnicola
21. Leucon americanus
22. Paracaprella tenuis

45
25
15

PHORONIDEA
23. Phoronis psammophila

ENTEROPNEUSTA
24. Saccoglossus kowalewskii

TOTAL DENSITY

917

1155

TOTAL SPECIES

15

17

21

22

P.* pinnata and S^. tentaculata densities of 325
70 m ”2 to 140 m"^,

respectively.

to 690

and

Over the same time period,

M. balthica densities declined from 160 m"^ to 35 m “2 and
Pseudeurythoe from 100 m ”2 to 50 m~2.

Community indices (Table 3)

reflect the compositional variations showing decreases in total
numbers and diversity and a more perceptible drop in evenness due to
the increased dominance by P^. pin n a t a .

Tidal Flat Macrofaunal Community

The faunal samples taken in April on the tidal flat must be
considered Only qualitatively as a specified surface area was not
sampled, though the volume of sediment was roughly equal to that of
the 0.1 ra^ Smith-MacIntyre grab.

Twenty-three species were found in

the two replicates (Table 4), numerically dominated by the polychaetes
Scolelepis squamata, Spiochaetopterus oculatus and Streblospio
b e n e d i cti, the hemichordate Saccoglossus kowalewskii and the
oligochaete Tubificoides gabriellae.

Compared to the study site,

community indices (Table 3) depict a community of fairly high
diversity and species richness end very high evenness.

Recruitment Experiment

When retrieved,

the defaunated sediment in the settlement

containers was covered with a layer of resuspended mud from the study
locale.

It was found that empty containers placed out for 24 hours

would accumulate approximately 2-4 cm of sediment.

This deposition

Table 3. Community indices for study site and tidal flat samples.

N (0.1m2)*

S

SR

J

Study Site 4/79

920

15

3.04

1.84

0.78

Study Site 9/79

1155

17

2.33

2.04

0.57

Tidal Flat 4/79

810

23

3.94

3.00

0.87

*Tidal flat samples were non-quantitative, but approximately
equal to 0.1m2 .

23

Table 4.

List of species found in two non-quantitative (approx.
0.1 m^) samples at the tidal flat.
Abundance values are of
total individuals in the two samples.
TOTAL ABUNDANCE

POLYCHAETA
1. Scolelepis squamata
2. Steblospio benedicti
3. Spiochaetopterus oculatus
4. Glycinde solitaria
5. Glycera dibranchiata
6. Heteromastus filiformis
7. Polydora ligni
8. Scoloplos sp.
9. Paraprionospio pinnata
10. Nereis succinea
11. Gyptis vittata

20
19
11
10
7
7
6
3
3
2
2

OLIGOCHAETA
12. Tubificoides gabriellae

15

MOLLUSCA
13. Mya arenaria
14. Gemma gemma
15. Acteocina canaliculata
16. Nudibranch sp.
17. Gastropod sp.

5
3
2
1
1

CRUSTACEA
18. Paracaprella tenuis
19. Ampelisca verrilli
20. Listriella clymenellae

6
1
1

NEMERTEA
21. Nemertean sp.

4

PHORONIDEA
22. Phoronis psammophila

6

ENTEROPNEUSTA
23. Saccoglossus kowalewskii

27

24

25

possibly could mask the nature of the underlying substrate.

Settling
j

recruits would then percieve no diference in the substrates.
/
Juveniles or adults or twenty-two species were found at least
once in the recruitment samples (Table 5).

The predominant infaunal^

species present in all three exposures were the polychaetes Polydora
li gni, Streblospio benedicti, Eteone heteropoda and Heteromastus
filiformis, the oligochaete Paranais litoralis and the bivalve Mya
arenaria.

Between sediment abundance results for each species were

analyzed with the aid of an independent t test.
were significant at the 0.05 level,
substrates was different

Three of these tests

indicating that settlement between

for Polydora ligni and Streblospio benedicti,

both higher in mud in sample set 1 and Mya arenaria higher in mud in
sample set 3.

Each of these species, however, were present in all

three collections and did not have significantly different settlement
patterns during the other two exposures.

Among the adults that moved into the settlement containers were
very motile forms such as the amphipods Gammarus mucro n a t u s , Stenothoe
miriuta, and Parapleustes sp.

Their arrival can be largely associated

with drifting masses of hydrozoans

that became snared by the array.

Juvenile and adult polychaetes also were present in the sediment
after the brief exposure, an occurrence also rported by McCall
1977).

(1975,

For a relative perspective on just how much older some of

these individuals were,

setigers were counted.

S. benedicti was found

to have a range of 9-33 setigers, mean 15.2, P. ligni ranged 13-27,

T^ble 5.

List of species found in the colonization experiment.
Ranked within taxa by total abundance.

POLYCHAETA
1. Streblospio benedicti
2. Polydora ligni .
3. Eteone heteropoda
4. Nereis succinea
5. Mediomastus ambiseta
6. Heteromastus filiformis
7. Cistena gouldii
8. Asabellides oculata
9. Tharyx setigera
10. Glycinde solitaria
11. Glycera sp.
12. Potomilla neglecta
13. Orbinid sp.
14. Proceraea cornuta
15. Paraprionospio pinnata
16. Gyptis vittata
17. Brania clavata
18. Sabellaria vulgaris
19. Pseudeurythoe sp.
20. Laeonereis culveri
21. Capitellides jonesi

OLIGOCHAETA
22. Paranais litoralis
23. Tubificoides gabriellae

MOLLUSCA
24. Mya arenaria
25. Ensis directus

CRUSTACEA
26. Parapleustes sp.
27. Stenothoe minuta
28. Paracaprella tenuis
29. Corophium tuberculatum
30. Leucon americanus
31. Gammarus mucronatus
32. Neomysis americanus
33. Edotea triloba
34. Corophium sp.
35. Ampelisca abdita
36. Corophium lacustre

26

27

mean 16.4, and E^. heteropoda was 6-32, mean 11.7.
literature values

As a comparison,

for recently metamorphosed larvae were found for

iL* b e n ed i c t i , 10-13 setigers (Campbell 1957; Dean 1965) and JP. l i g n i ,
10-18 setigers (Rice 1978).

Thus,

recruited population was brought

it appears that some of the

in by resuspension from the natural

bottom but as indicated by the mean setiger values most recruits were
just past metamorphosis.

Colonization Experiment

Over the 144 day period that the azoic substrates were exposed,
29 infaunal species and 7 epifaunal species were found colonizing
(Table 6).

The epifaunal species were not included for further

analysis as their association was mainly with the fouling community on
the array.

The infaunal species Polydora l igni, Streblospio

b e n e d i c t i , Eteone heteropoda, Paranais litoralis, Heteromastus
filiformis, Nereis succinea, and Cistena gouldil occurred consistently
enough or in large enough numbers to be considered for further
detailed discussion.

The spionid polychaete, Polydora ligni, was present in the
colonist community for the duration of the experiment,
initially,

comprising 5.7%

setting heavily

(3,000 m “2) G f the macrobenthos in the sand

experiment and 22.1% (14,000 m ”2) in the mud (Figure 4).

Populations

decreased over the next two sampling periods but increased
dramatically in July (day 73),
last collection day.

remaining nearly constant until the

During these last two samplings P. ligni was the

Table 6.

List of species found in settlement samples.
taxa by total abundance.

POLYCHAETA
1. Streblospio benedicti
2. Polydora ligni
3. Eteone heteropoda
4. Heteromastus flliformis
5. Asabellides oculata
6. Tharyx setigera
7. Gyptis vittata
8. Nereis succinea
9. Glycera s p .
10. Cistena gouldii

OLIGOCHAETA
11. Paranais litoralis
12. Tubificoides gabriellae

MOLLUSCA
13. Mya arenaria
14. Odostomja sp.
15. Bivalve juvenile

CRUSTACEA
16. Leucon americanus
17. Parapleustes sp.
18. Gammarus mucronatus
19. Paracaprella tenuis
20. Palaemonetes vulgaris
21. Edotea triloba
22. Stenothoe minuta

28

Ranked within

Figure 4. Polydora ligni, changes in abundance (A), total wet biomass
(B) and average individual wet biomass (C) during the course
of the colonization experiment. Replicates within substrates
are pooled.
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most abundant species in the community.

Grassle and Grassle (1974)

have reported this species to be an early,
£.

explosive colonist;

ligni is clearly a first wave dominant but its hypothetical decline

was not observed.

In terms of biomass (Figure 4), total biomass
showed a slight temporal increase.

fluctuated, but

Average individual biomass,

however, dropped off in the last two intervals,

reflecting a new wave

of recruitment.

Differences in number of individuals,

total biomass and average

individual biomass between sediment types were insignificant at the
0.10 level

for all trials,

test was applied.

except one, when the Wilcoxon sign-rank

The one significant difference was in the density

of individuals, higher in the muddy substrate,

for the first sample

date (Table 7).

Streblospio b e n e d i c t i , another spionid polychaete,

together with

P. ligni constituted over 45% of the colonizing community throughout
the study.

The two species alternated roles as the numerical

dominant, with JS. benedicti dominating early and declining later
(Figure 5).

_S. benedicti was McCall's (1975) most abundant

opportunist,

eclipsing even the extreme opportunist Capitella

c a p i t a t a.

Both Grassle and Grassle (1974) and Boesch, Diaz and

Virnstein (1976) reported irruptions of this polychaete following
distrubance, model behavior of a first wave dominant.
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Figure 5. Streblospio b e nedicti, clhanges in abundance (A), total wet
biomass (B) and average individual wet biomass (C) during
the course of the colonization experiment. Replicates within
substrates are poo l e d . .
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The biomass

trend of reduced average individual biomass

(Figure 5) over the third interval (day 34-73) seems to indicate that
in addition to the initial recruitment,
pplse may have occurred.

However,

a second lesser recruitment

in general this population seems to

follow the classic pattern of initial single cohort recruitment with
subsequent decreasing numbers accompanied by increasing individual
biomass.

Significant differences (a =0.10) were evident between

substrate in abundanpe, biomass and average individual biomass
(Table 7).
144.

Abundance was greater in the mud on day 15 and sand on day

Total biomass was also greater in the mud on day 15 and

individual biomass was greater on day 34 in the sand.

Colonization densities of the phyllodocid, Eteone heteropoda,
were initially about 10,000 m ” ^ (Figure 6) then followed a steady
decline through two orders of magnitude to approximately 100

.

In

the present study, 15. heteropoda behaved as a first wave dominant, but
only Dauer and Simon (1976) have also reported similar high
colonization densities,

and they felt such increases were in response

to increases in Nereis succinea upon which JE. heteropoda preys.

Total biomass of the E. heteropoda population peaked at day 34,
while average individual biomass generally increased over the entire
period through day 73.

Biomass values were not obtained for day 144

due to low numbers and small size of individuals.
biomass was greater

Abundance and

in the sand on day 73 (Table 7).

Figure 6. Eteone heteropoda, changes in abundance (A), total wet
biomass (B) and average individual wet biomass (C) during
the course of the colonization experiment. Replicates
within substrates are pooled.

12
10

8
10

MUD
S AND

(Density)

6
4

2
0

7

6
5

mg

4

v

3

2

0

35
30

10” mg

25

20

?

0

to 15

7 MAY

34
31 MAY

73
9 JULY
TIME

34

IN

18
DAYS

144
SEPT.

35

Paranais litoralis, an oligochaete, colonized in densities
similar to E. heteropoda (Figure 7), rapidly declined over the five
day period between the first two sample dates and then completely
disappeared from the community by day 34.
previously reported as an opportunist.

This species has not been

Its presence may have been a

coincidence of spawning time and experiment initiation.

Watling

(1975) reported rapid population increases of this species in Rehoboth
Bay, Delaware,

starting in March,

peaking in May and declining by

early June.

The establishing densities (Figure 8) of the capitellid
polychaete Heteromastus filiformis were different between sediment
types (day 10), being greater in sand (Table 7).
found to be greater in sand on day 73 (a-0.10).
insufficient to yield any definite trends,

Densities were also
Biomass data are

though the increase in

average individual biomass from day 73 to day 144 suggests a maturing
population (see Figure 9 also).

Both Duncan (1974) and Boesch, Diaz

and Virnstein (1976) working in the James River, Virginia and the York
River, respectively,
perturbations.

reported irruptions of this polychaete following

In the present study it ranks behind the previous four

species in terms of opportunism.

The Heteromastus found

in the first three sampling periods did

not conform to adult morphology of five anterior capillary setigers,
instead they had only three or four anterior setigers with capillary
setae while the remainder of the setigers bore hooded hooks.

At first

these morphs were considered as possibly being a different species
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Figure 7. Paranais litoralis, changes in abundance during the course
of the colonization experiment.
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Figure 8. Heteromastus filiformis, changes in abundance (A), total
wet biomass (B) and average individual wet biomass (C)
during the course of the colonization experiment.
Replicates within substrates ate pooled.
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than H.

filiformis, but a continuum of forms and increasing size of

subsequent forms lead to the conclusion that they should all be
classed as Heteromastus filiformis

(Figure 9).

The polychaete Nereis succinea did not appear in any appreciable
numbers until day 34, after which it became one of the community's
co-dominants by day 144 with densities of 3,500 m “ 2 (Figure 10).

This

colonization pattern is similar to the model of a second wave
dominant.

N. succinea is a common member of post-disturbance

communities (Grassle and Grassle 1974; Boesch, Diaz and Virnstein
1976).

Bioass data are available only for the last two sample dates,
interpretation of any trends is difficult.

so

Biomass in the mud samples

increased drastically in the day 73 samples due to the presence of two
very large individuals,

agreement with the sand levels would have been

closer without their influence.

This large disparity in biomass

accounted for the only significance between-sediment differences

for

abundance, biomass or average individual biomass (Table 7).

Cistena gouldii did not appear in the colonization samples until
day 34, colonizing with an intitial density qf 3,000 m “ 2 in the sand
experiment and 8,500 m “2 in the mud experiment (Figure 11).
had

Abundance

fallen considerably by day 73 to similar levels in both sediments,

while both total and individual biomass had increased.

Biomass values

in sand were heavily influenced by a few very large individuals.

By

day 144 abundance continued to decline while biomass figures for those
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Figure 9. Changes in abundances of Heteromastus filiformis
morphologies during the course of the colonization
experiment.
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Figure 10. Nereis succinea, changes in abundance (A), total wet biomass
(B) and average individual biomass (C) during the course
of the colonization experiment. Replicates within substrates
are pooled.
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Figure 11. Cistena gouldii, changes in abundance (A), total wet biomass
(B) and average individual wet biomass (C) during the course
of the colonization experiment. Replicates within substrates
are pooled.
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individuals were also down as a result of the absence of any large
individuals.

Only the initial colonization numbers between sediments

were significantly different (Table 7).

C. g o u l d i i , a second wave

dominant, has been reported as an early colonist only by Dean and
Haskin (1964).

In all, the above seven species in terms of abundance,
constituted over 70% of the community throughout the entire
experiment.

Wilcoxon sign-rank tests were also computed on abundance

for three pther species with minor relative densities, Mya arenaria,
Asabellides oculata and Mediomastus ambiseta (Table 7).

All

differences between sand and mud proved to be insignificant (a>0.10).

Community indices for the colonization samples (Table 8) indicate
that species richness and evenness were slightly higher in sand from
day 15 to 144, and diversity,

absolute abundance and average number of

species per sample were similar.

Species richness increased in both

sediments at day 34 primarily because of the addition of populations
of Nereis succinea and Cistena gou l d i i .

The lack of steady increases

in diversity is not characteristic of other colonization studies
(Dauer and Simon 1976; Grassle and Grassle 1974; McCall 1975).
diversity and especially,

Both

species richness remained low compared to

the study site community.

The reciprocal averaging ordination (Figure 12) also does not
indicate any strong separation of the muddy and sandy substrate
communities,

though there is less similarity in the last two sample

Table 8. Community indices for colonization samples.
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Figure 12. Results of reciprocal averaging ordination. A, three
dimensional representation; B, plot of only axis 1 and
axis 2 as viewed from above. Colonization samples are
indicated by date and substrate (M or S), study site
samples are labeled 4/79 and 9/79. Convergence of
colonization with study site is not evident.
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dates between substrates than in the early sample dates.

This

analysis also indicates that the colonizing community does not seem to
be converging toward the study site community.

DISCUSSION

During the course of the colonization study several unexpected
variables were encountered.

In the nearly 6 week lapse in sampling

between days 34 and 73 a lush fouling community consisting
predominantly of the tunicate Molgula manhattenensis had almost
completely overgrown the containers by utilizing the PVC pipe collars
as substrate for attachment.

In addition,

several oyster toadfish

(Opsanus tau) had occupied the containers as nest sites,

scouring out;

portions of the sediments not occupied by 14. manhattenensis, mainly in
the sand containers.

At this point (day 73) it was impossible to

assess the effect on macrobenthos,
removed,

therefore the tunicates were gently

samples were taken and the experiment continued.

At the

final sampling (day 144) it was observed that the areas scoured had
been partially refilled by resuspended fine sediments.

Recruitment Experiment

Due to the rapid sedimentation of resuspended fines over the two
sediment types exposed in the settlement experiment the desired
difference in surface sediment properties to which recruits were
exposed was considerably reduced if not eliminated.
probability,

In all

any larvae coming in contact with the substrate in the

settlement containers would have to react to this layer of fine

46
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sediments and not the experimental mud or sand below.

Thus one would

not expect differences in settlement patterns between the two
treatments because the only species which would metamorphose in
contact with the flocculent muddy sediments would be recruited.

Those

that would have disproportionately settled on a sand substrate would
be disadvantaged in both treatments.

This implies that any divergence

of the colonizing communities occurred because of differences in
post-recruitment success.

Colonization Experiment

Evidence

for divergence of the muddy and sandy substrate

communities is not strongly supported by the comparison of individual
species abundance, biomass and average individual biomass.

Reciprocal

averaging ordination (Hill 1973) also does not strongly separate the
sand samples

from the mud samples.

The community indices,

species

richness and evenness do seem to indicate that there may have been
some subtle between-substrate community differences that were not
evident at the species level.

However,

considering all the evidence

it must be concluded that the environmental interactions of the two
substrates did not differentially influence the populations of the
species considered and the community compositions did not diverge.
This conclusion refutes the original prediction that the two
communities would diverge.

If one compares the progress of the colonization communities to
McCall's model

(Figure 1) this conclusion is not surprising.

In the
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present study,

first wave dominants represented by Polydora ligni,

Eteone heterop oda , Streblospio benedicti, Paranais litoralis and
Heteromastus filiformis arrived quickly,

then declined while the

second wave dominants represented by Nereis succinea and Cistena
gouldii colonized, peaked and also declined.

It is at this point

where the correspondence with McCall's model stops, as there are no
clear representatives of the more slowly colonizing stable point
dominants (species typical of the natural seafloor).

These stable

point dominants may have been present, but still too sparse to be
consistently sampled in the design utilized.
point dominants should be responsible

Thus, because the stable

for much of the divergence in

succession between sediment types it is not surprising that no
divergence was found, as most of the dominant species remained the
more eurytopic first wave dominants.

This gives the appearance that

insufficient time had elapsed for the recuritment of the stable point
dominants, but in light of some of the artifacts of the experiment
this does not seem to be the case.

If one more closely scrutinizes the observed colonization pattern
in relation to community composition (Figure 13) it is apparent that
the decrease in dominance by the first wave dominants is not nearly as
dramatic as depicted by McCall (1975)

(Figure 1).

Intitially the five

first wave dominant spepies represented greater than 90% of the total
individuals present,

then, due primarily to a resurgence of P. ligni

(Figure 4), never declined to less than 50%.

As a result the second

wave dominants were never more abundant than the first wave dominants.

Figure 13. Percent total abundance for each sample date of the seven
colonizing dominants.
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g o u ld ii

Speci es

This,

coupled with the observed lack of increase in average individual

biomass for most of these first wave dominants,

indicates that the

communities continued to be dominated by new recruits of these
opportunists while mortality was high.

This continued domination of

the opportunists can probably be at least partially related to the
physical disturbance by toadfish and the presence of Molgula
ma n h a t tenensis.

The presence of large colonies of the filter feeding tunicate
Molgula manhattenensis may have been an important factor affecting
larval recruitment.

The tunicates may have been effective in

ingesting most settling larvae,

resulting in recruitment success for

only the most abundant meroplanktonic

larvae (see Woodin 1976).

Acting in consort with the tunicates,

and likely more important,

was the recurring disturbance caused by toadfish..

This scouring may

have been severe enough to cause mortalities in new recruits or
otherwise prevent establishment of stable point dominants.
result,

As a

the community continued to be comprised of populations of

species adapted
and Rosenberg,

for resilience in frequently disturbed areas (Boesch
in press).

Another potential influence of the toadfish

is that scouring may have been so severe that substantial amounts of
the original experimental substrates were removed and replaced by
resedimented

fine sediment.

This event would effectively eliminate

the original comparison intended.
responsible

Indeed,

for the lack of divergence,

this may have been somewhat

though general observation of

the sand cores during the last two samplings indicated that most of
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the sand still

remained, but the surface cover of the fine sediment in

some instances

was 2-4 cm thick.

Despite the persistence of the opportunistic community in the
colonization containers,

it is surprising that the polychaetes

Paraprionospio pinnata and Pseudeurythoe sp., both labeled by Boesch
(1977) as "euryhaline opportunists" and both dominants in the natural
community, did

not appear in any appreciable numbers in the

colonization communities.

Other natural community dominants

such as

Sigambra tentaculata and Gyptis vittata also did not colonize, but
they were not apparently heavily recruited in the natural community.
Both of the former species have been reported to undergo large
population irruptions following disturbance (Boesch, Diaz and
Virnstein 1976; Dauer and Simon 1976; Duncan 1974).

Perhaps

Pseudeurythoe sp. did not recruit at all during this time as indicated
by a decrease in its density in the natural population from April to
September of 100 m~^ to 50 m ” ^.

However, P. pinnata was recruited

heavily in the natural community during this time increasing from
325 m ”2 to 690 m ~ 2 > with the September samples having perceptibly more
juveniles.

Perhaps these species are not as opportunistic as Boesch

(1977) originally thought.

They certainly seem less opportunistic

than the first wave dominants of the present study, especially
Polydora ligni which maintained high densities in the experimental
containers despite the scouring disturbance.

The best way to

determine the true "opportunists" of a region would be through
frequent colonization experiments throughout the year, for seasonal
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cycles concurring with disturbances may strongly influence which
species are labeled opportunists,
exception.

the present study being no

However, because the present study was conducted during

periods of high reproduction for most species,
dominants

the first wave

in this study, except perhaps P. litoralis, can probably be

ranked high on a scale of opportunism above P. pinnata and
Pseudeurythoe sp.

When one compares the results of the present study to those
observed by McCall (1975) the rate of colonization by natural
community dominants

is strikingly different.

that the Long Island Sound seafloor dominants,

McCall

(1975) observed

represented by the

polychaetes Capitella c apitata, Streblospio bene d i c t i , unidentified
cirratulids,

the bivalves Nucula pro x i m a , Tellina agilis and Ensis

directus and the amphipod Ampelisca v a d o r u m , quickly entered exposed
azoic substrate.

After 10 days some of these species had already

attained densities in the pans equal to or greater than the natural
seafloor and by days 86 and 175 all of these dominants except the
cirratulids and E. directus had colonizing densities similar to the
control samples (though similarity indexes showed a fair overall
difference from the natural bottom control).

In the present

144 day

study no such convergence was observed even in the samples taken on or
before day 34,

i.e. before the tunicate colonies and toadfish

disturbance began affecting the experiment.

Boesch and Rosenberg

(in press) have proposed a model

that

predicts greater resiliency and resistance of populations that live in
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habitats

subject to unpredictable perturbations.

Applying this model

to the York River and Long Island Sound one would expect that since
the York habitat experiences
temperature,

lower and more variable salinity and

that the present colonization experiment should have

found an even quicker community convergence of the azoic substrates
with the natural seafloor.

This differential rate in the early stages of the colonizations
can possibly be explained by physical differences between the two
habitats.

If one compares the tidal currents of stations nearby the

two sites (Tidal Current Tables 1980) it is apparent that maximum
velocities are slightly greater at McCall's site off New Haven,
Connecticut

(1.4 knots vs 1.1 knots at Gloucester Point).

to tidal currents,
current velocities,
different.

In addition

non-tidal wave turbulence can also influence bottom
and in this respect the two study areas are quite

Long Island Sound is more open than the York River and is

subject to much more wind driven wave action.

It is therefore likely

that despite the depth differences of the two studies (7 m in the York
River,

15 m in Long Island Sound)

the greater tidal current velocities

and wave turbulence of the Long Island site produce a situation where
bottom scour and sediment resuspension should be greater than in the
York River.

This

result in removal

bottom scour may be of sufficient intensity to
of juveniles and adults

transport to the colonization pans.

from the

natural bottom and

Indeed, the circumstantial

evidence seems to

support this hypothesis.

McCall

(1975) reports that

of the colonizing

populations approximately 10% ofthe individuals of
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some ^species arrived as adults or juveniles transported from the
natural seafloor, while for other species this contribution was a
significant proportion.

Considering probable high mortalities of

recently set juveniles compared to lower mortalities expected for the
older juveniles and adults, and continued recruitment
populations.

from seafloor

The contribution of bottom scour to this colonization

could have been very important.

Whereas in the present study almost

all of the local seafloor species were not found colonizing and for
all colonizing populations transport of older juvenile and adult
recruits from the local seafloor was not important.

Greater bottom currents and associated scour may enable an azoic
patch to gain recruits more rapidly than in a lower energy system but,
on the other hand,

it may also have deleterous effects on the

establishment of a more permanent (stable point) community.

It is

concievable that if bottom resuspension is frequent and severe enough
the community that arrives quickly could be kept in the first wave
dominant phase as a result of recruitment failure of later stage
species.

This aspect of community development is difficult to discern

by comparison of these two studies because of the shorter duration and
the biological disturbances in the present study.

Perhaps if the

present study had not been beset by these physical disturbances and
had been of longer duration,

the overall resiliency of the York River

community would have proven to be greater than the Long Island Sound
community despite the difference in the initial colonization rates.
Such an outcome would be consistent with the Boesch and Rosenberg

model, but the present evidence is insufficient to support
conclusion either supporting or opposing the model.

SUMMARY

1.

Exposure of muddy and sandy substrates to test active substrate
selection of settling larvae at a study site on the natural muddy
seafloor of the York River led to inconclusive results because of
high sedimentation by resuspended sediments which obliterate
differences at the sediment-water interface with which larvae come
in contact.

2.

Exposure of muddy and sandy substrates to test the influence of
substrate on community succession was affected by recurring
disturbance by toadfish which kept the communities

successionally

"young" preventing the anticipated progression to more mature,
K-strategist dominated communities.

Divergence of communities

between substrates via environmental interactions was not found,
though analysis of community indices indicate some subtle
community differences may have started to occur.

3.

During post-metamorphic development, Heteromastus filiformis
progresses

from a stage with three anterior capillary setigers,

through a stage with four anterior capillary setigers to the adult
form of five anterior capillary setigers.

4.

The most opportunistic species of the York River appear to be
Polydora l igni, Streblospio benedicti and possibly Heteromastus
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filiformis and Eteone heteropoda while euryhaline species of the
natural community such as Paraprionospio pinnata and Pseudeurythoe
sp. do not respond to disturbance as quickly.

5.

A model proposed by Boesch an Rosenberg (in press) which predicts
rate of recovery of macrobenthos following disturbance based on
environmental constancy is utilized to compare the present study
to a similar study in Long Island Sound.

It is found that initial

rates of colonization seem contrary to the model, but it is
suggested that the physical conditions that create this short-term
disparity may also serve to influence long-term colonization
patterns that are consistent with the model.
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